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PORTION OF LSI 

(57) Abstract . 

PROBLEM TO BE SOLVED: To provide a method for 
determining a defective portion of an LSI capable of 
readily and quickly narrowing the multiple defective 
portions in the LSI and determining the number of 
defectives and the defective portions by small data 
amount irrespective of malfunction of an output terminal. 

SOLUTION: Logical information 48 of each block that 
changes by each test vector 41 is outputted by a dump 
operation 47 from circuit connection information 45 by 
using logical simulation 46 for inspection of an LSI 
circuit The logical information 48 of each block by 
each test vector 41 is cpnibined with information 44 of 
presence or absence of Iddq malfunction (leakage current 
in a static condition) so that an arithmetic operation 
49 of each block by each test vector is executed and 
extraction 50 of a block including a defective portion 
is executed. The defective portion at a transistor level 
is extracted from the logical information in terms of 
the presence or absence of Iddq malfunction at the block. 
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cw«« 1 ] LSI <oxtsm=F^K)m^xti-^n^y' 

c* }L toiSi^li^»^^f 3 c i: tc j: o iSPt :/ d >y ^am 
U i^{cKi!ifeWra>y^{cfettS I d d qS^^rW-TS 

n^m.^^ht5. c t^^mtt^ L s 1 otmmmom 

^toiHi»ii«-7n>yi7fiffiti. I d d qmmijm^t^m 
mMm<Dxtimm<om.-^i^-ii:(D±xt>\ i d d qimz 20 

1 tciH«© L s I <DWLmmm<Dn^\ti3mo 

^mtmWzrtJ-/ ^mmit. I d d qMSA^Si^LfcT" 

taSOffl^tJ-arpO^Tft^. I d d qfit*<iE^^aiBgL 
fcT^X h-^^5f»#t?OA;tiSia©)H^«3-&Sf{c#ffi-r 

mi^m 1 fciaisoL s i <Djmmm<D^^it^mo 

sMi5at^:/n>y^tttii{i^ I d d qmnt>mmvrcv- 
X h^->'^mmcx^m-^ti^mmmm<oxtimm(om 
■^t>-*tm. fc<ttf I d d qmma^mmviii^^T'T.h^i^ 

^mmcx^m-iEn^m^mm(DxtiWim(Dm.^t^^<D 

■^Xii\ I d d q jB*^IEm^}*gcL/-C7^X h-^^^^^S^ 
T'<DA;'3iwiil<Difi^t)-a:^. t5j;a*I d d qmtl^iEn^j: 
■xX h^i' :?S^T-OA:^iSia<0ffi#to-&tc#«E-r S i: 40 

lyLmmy^^y^^myuy^tvxmtiir?). it* 

iD^O^^^ii. SgSS(Kro-y^{c*3ttS I d d qS^*^ 
^*LT<,>^|fif2xX h-^^iJ^S^-etOA;^!!^!!!©^^ 
feH^1r-iJC[^Sim%^t>3ity. 1 icmm<D L S I <D 

<O^K)ThWt. ^iK[^:ra-yt5'(C«5tt§ I d d qS^*< so 



^^UTi/^St5tB7^X h-<i^3?S#T'©A:^liaoiS^ 
I d d qS^*^^±UTV^:^V^7"X V^^^^^ 

x(DKtiWm<om.-^^'^ t ^mi^xm.mmm^m 0 ja 
ty. 1 L s I <Dtkmmm<omm{\:.:f5mo 

^^mLxmmmm^^':)^^ts. 1 tcisttoL s 

[li*«9] HflfBra^yi5^<ri:<DiSailllt;&fT3<ii: 

i^{Bm%ig^t)ii€y> 1 tcie«<oL s i <DUim^m 

[0 0 0 1] 

mm<Dmt^iim^m'i ^sgs^iiCMo s l s i coiSij 
CO 0 0 2] 

>{c<fco L s I <Dm.nmm^mK>ihwmt. mtimi^ 
[0 0 0 3] ^(Dm~<D:^'mt&(.mmmcDi'^mci:^^ 
4S9^. tH:/3fii. ^LT7^xh/^^f->s^«-, m^<Dm 

X$>-DtCo 

[0004501 2imm\<oimi^mvfmcj:^im 

^ 1 2 UiT^X h-^^^. \2Zt,ttm^m. 12 3. 
1 2 4 (i L S I (Omm^U. 1 2 5. 1 2 6 itimM^Z 

ii^— >3>. 1 2 7{±jti55TfeSo ttiiismoji^jc 

{i^f^6g{c«0 1 2 fc^f J: 3 {c. LSI cr)tB:^^?fc 
tJttSSiSv'Sa.lx-iyaVl 2 6{C<tSIE^|^afii 
i:, F«3g|5|51i^tD&y-K(Ci!i5(I^S«l 2 2^fT^oiSa 
i^S :i > 3 > 1 2 5 {C J: SfiStPii&iUBt L 
S I <DA;^)4S^{C7^Xh-<^^ 1 2 l>&A:^jLfc:8#. tH 

[0 0 0 53 mn<D:^r}*f±/^'y^ hu— x:^rStl9?b. 

ichu-x-r^ysmx^^o -r^t^^. ls ioa;'34S 

m}mwmtmrj:-ox\.-rctt. ^(Dtatimtmnmt 
(omm^mmLx. m:/34is^^A^e.A:^ss?^(RiA^^rrt 



^mm^m^ ^-n & om^ti-^ic j: o mummm^ 

CO 0 0 63 

[0 0 0 7] S-r, ^«S!j|^a©«?«ftcrabT{4. ^« 

[0 0 0 8] 'mk-n'(k<r>^^\rL'D^^xmm^wm 

SftP^ (S t u c k — a t — 0, Stuck— at — 1) 

ffl6*jT'ti^A^ofco -r^*:)^. %mt^WLwm. (vo) 
«L s I nimm-^m^m'fWi (D ©3^*^e.4S(c 

J:bM-r5i:**34aTt/->So 
[0 0 0 9] In (VO) oc (3 — 4) • 1 n (L) 

'0<n>WMf^<%^\^X\<^^is^^^mt^ c i:A<T*^^A^o 

i^^ti^^iEvxit\^ibxm.m^^mmm^^tix<,^< 

V^Kv'-i^AtCT^S^nTV^-S.tdfc. «jfiT'«E BT 
(Electron Beam Tester)cr)J;-5 
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[0 0 10] *i§B^<o@W{4> L s I p^sw^mtm 
icij-^-^-^rnxwio^^ib. m.mm^xifmmmm^^^it 

[0 0 1 1 ] 

(Om±^mX(D') — ->mMX&?> I d d q£Dffl*^m^ffi 

icmtmru-y^ic^t,f:i> I d d qss^wr^T^xh 
-<i^ ^mnx<Dmmmm^m^^x^mimmm^i&o'j< 

[0 0 12] ray i'criio^aKjf^lfiiti. L s I o 

&r a <y c* i: cDt-x h ^ c* t © A:^^atoffl 

[0 0 13] zrti^y^j::t<Dmmmw^ndcticj::s, 
wcmya >y ^amti. i d d q m'^itm^t^m^mm 

<DXf3Wim(Dm-^t>'^<0±Xti\ I d d qfii*"«iE^*x 
X h'^i' ^#^TOA:'3lia<Dffl^fc-i^{c!¥?t-r« ^ 
Krn'y^%iE«:rn-y^i:LTiftmu ^niu 
nfi^r a -y ^«cW:7d >y ^ i: LTftW LT ^ < . 
I d d qS#*^ai^LfcxXh-<i7^#^{CT^asn 

?>mmsm<ommvrzxtimm<om^t^^m<oitxij\ 

I d d q{il*^IE«^jl«cbrcxXh-<i?^S^-e<0A:'3 

iE^:/a>y:>i:bTttmL. ^nJW^1-tt^ra>y 
|itro>y^i:LTl*tBUTt.J:<. IddqS^A^Jii^ 

LfcT^x h-<^^s#tcTi^a^ns^igiaisoA:^is 
\'-^'!7^mmcx^tii-^n?> mi^mm(Dxtis§im(om.-^ 

t>it<D±Xi)\ I d d qffl*^IE^:ftaiKLfc-rX h^i^ 

^m^x(oxtjmm(Dm.-^t>-^m. fc^o'i d d qffi*^ 
lEn^y'T. h^-i' ^m^x(oxtimmcDm'^t>^icwtE 

u ^Hu^itmr^u-y^^wcmyu^y^tx^x^mx^ 

[0 0 14] te^ya>y^{C*3tt?.i!SC^{im<^«?0jA^)i 
{i. Ki!&^ra>y^tc*3lt^ I d d qS^*^^^LTV> 

st^x h-^^^f#^T'<DA:t)i&s<oiia^to-t*Tfei!i®m 

^iB?OiAA.Tti;<. KKt^ya-y^^tcfett-S I ddq 
SS*^%^bT^^57"X h-<i'^»#^T'<DA:'3^S<0ffl 
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[0 0 15] •:ru^y^^t(Dt§immW^n'?cti,cjz^ 
[0 0 16] cuo stsmmmtm^^mc%mtKm^ 

mt^ -iJSWMlnli: LT " I d d q (Q u i e s e io 
nt Vdd Supply Current)" 

I d d qmmt. L s I ms^p^^<DViomW(.m^miEit-s 

{±>M. Sanada "Evaluation and 
Detectionof CMOS— LSI wit 
h Abnormal Iddq" Mlcroele 
ctronics and Reliability^ 
Vol. 35. NO. 3. pp. 619-629. 19 

[0 0 17] mm. y-hru-fffaici^m^ti^As 1 

C (Application Specific In 
tegrated Circuits) It^Sb^M'^tl 

[0 0 18] *feB^tCj;5^«i!ftP^^m<D^*5ii*^7^a 
It. ±^Lfc^H-??^**iJffl-r5t<DT?fet). LSI© 

"Iddq" i:i45-r s L s I <ommmw<om±imr^<o 

•:fayi7mmv. :kicmWim-^o^yi7lc^lf:s, Iddq 

iSLfcro y ^ c tcommwii^^mi L s i (Dxtsi^=f- 

[0 0 19] ii^tO-f"— ^^fflV^^c:/a>yi7C*fccD|fea 

t>. io«. I d d qS^7b^fg^-r§«iSffiW<DA;^i^ 

mm<Dm-^t>-tit}\ 1 d d qMA^iEm^T^X h-<^^JS 
^(cistj 5 A:^iSaoffl-a-t)'*(c#it L^^i/^r a «y 5gr 

I d d qS^A^SigcLfcT^X h-<^'^»S^tCT^^tt}^tl so 



^mmm<Dmf^vrzxtimm(Dm.^t>-^m<o[H(D i « 

-t^-gf tc^ffi L^l^yn y ^^WlW7u y^t LTttmf 
[0 0 2 0] ?S{C. ±^b/c:2SIS<D€^-F "I dd 

m^t:>^" i)\ I d d qfil*^jE^*xX h-<i{'^?S^-e 

o "xtjmm(Dm^t>^m" t "xt}mimiom-^t>it" 

[0 0 2 1] ^fC. !Nf^{b^n^cSci^yn>y^F*9gI5C)i!« 

isi^moigift>ii*«2a«^t». — jg-^sdstro 

yi^lzmf^ I d d qS^3b'«fg*LTV^5xXh--<^^r 

^ICiSlf^ 1 d d qS^ft^^^LTt/^ST^X h--<^^tS 

#TtDA;'3iSIltOffi^*:>-t+t I d d qS^A'S^^LTl^ 

^i/^T-x h^^'}im^x(DXtii^m(Dm-^t>-it^m^^r 
[0 0 2 2] ±m<o'f~^^m\^^rczrayi7<i't(Dmim 

[0 0 2 3] 

mmcommoDmrn} tu^o j; 3 c m o s naiaii^ 

"Iddq (Quiesent Vdd Supply 
Current) " t^T ?>^m<Dm±^mic^l'f 

UiLSK 12{iVdd. 13(iGND. I Ali^m. 
iK^ffim, 1 5{i-rXh^^:5f. 16«Iddq(S 

m) T?fe5o -r^^D-^. L s I 1 1 (OfHmcvamm^m 
mi 4*^#ffi-r«i:, esccDT^xh-^i'^f 1 5^c<tol^ 

^fcti. 1^iiite»®mi 4(D]^S^-5ttTVd d 1 2*^ 
^GND 1 S^aynmWm^^nn I d d q l 6*^%* 

-rso 

[0 0 2 4] a^. hzn'iStc^^^^nsA s I 

C (Application Specific In 
tegrated Circuits) (DWtM\^t. ^ib 
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«|gfW}*T'*So ^©id^^AS I CCOCMO Sings 

[0 0 2 5] ifiB^«^-r. ^yti'y'^<Dmmiys.:xu— 
->a>mmic^^^xmmv. ^^tc i d d qs^^ig^ 

[0 0 2 6] 1) LS l(0^•:/ay^<DmMi^^3il^— 
:^Tu>i^Lmtmm<Dmmmr^^*). (a){±Lsi 
mm%^mt^x ( c ) {± L s I (D^yu 

^y^^Tn-rm^m. (d) «S IM (S i s t ems 
Integration Model) JiO^giJ^ftcT 
i:<7)>ra-v (omfiWiiSMit^. ( e ) t± L S I ^O^:/ 
a>y^^A->P,cr)m±I^^f^iii:ia. (f) It^yu-jirC 20 

T-^-So 0^*"^^ 2 1 {± L S K 2 2 ^±A:^iffi?^^ 2 3 
Itrnti^"?-. 2 5«7^Xh'^^^. 2 6tiai:^. 2 7« 
yn^y^'BK 2 8{i:7a<y^' B 2. 2 9ii:/n>y^B 

[00 2 7] i^Ilv' S jx -> 3 V{±. ji« L S I 2 1 

coA;'3i^?2 2*^P,A;^)-r-ST-xh-<^^2 SfcjI^iffSb 
Ttli;'34S?2 3{ctti:^3-r5«S^fiI%^E-r-5iSiS^SEO 

n>yi7iri:©A;^iiiJi'tS$B-C$.0. jl^©tSiS->5a. 1^ 
—> 3 >iS*%7' UVi? Lit ^ fetS 5 ^l/^o 
[00 2 8] 02 «ISa-> 5 ^ U- 3 
T'*:-|g i: ^i^^tCT U'Vi^ Lit b-Tj^S^^Bi LfcSi 

<Drn>y^^<DA;'34S?{i:gEM^ti§M^*^e.. :/a>y^ 
cri:©A;^«g?fcA*-r«ifeS1f$Bi:Bia<07"X h'^^ 

[0 0 2 9] 2) I ddqSm^M^^H^57"Xh-<^ 
^^S^ (03) 

v"xh--<i'^fc*i:<o I d d qmn(o^m^mittmsiL 



u mmm^f&^tcv—^nmm^ i a d qmmmtv 

TiKSiJLrct>0*\ I d d qS^WOfcLTfttb^nS 

d d qg#wssi«^^*-ri'*^7T'$.o. ia*r?^3 1 

li I d d q<Db#V>fil, 3 2« I d d q (iE^) . 3 3 
«I ddq T^^o xmiCT-Xh^i^^m^ 

(a^. T V n o. tm-t) ^YmiC I d d qffl^^ 

■To iEm&(D I d d qimm^iMi-x7 (.m^n. mnvt 
T) T'^i.ofc?^LT, 1 d d qmnshitmim(on's 

[0 0 3 0] 3) *fgB^<D^)lS (04) 
04{±2|s:%WO#JlM^^-r:7a— g^^— M?a&«o 0* 
1 h'-<^'^t (T V) . 4 2«L S I 'NCOBl 

iP. 4 3 « I d d qfiftOSiJ^, 4 4 « I d d qffiS^O 
TVS^tDttta. 4 5 «|5I^S^1f 4 6{±»ai'5 

m. 4 8t±T VC"i:<D^rD^y^(75A;'3^aoam. 4 

9 tii^^jaa. 5 0 immyu^yi^commv^^o 
[003 1] *i8B^T'(±. L s I (Dmrnmiip^^x ht 

icmtt?> L s I ^m^-r^^ru ^ ctcomm^m 

[0 0 3 2] *-r. T-X V^^^ 4 1 CTfcfC^fbf §S 

:ra>y>rcr)A;^tia'lf$S4 BtiiiBL/cT^^fCi t). IhI 

i^SMif^4 5*>e. L s I mmm&.(Drcib(Dwm.'y^:j. 
u~->a>4 e^fflv^T ••^*>'7'5n,a" 4 7 fcfiJ-r-s l 

S I^fllfi!c-r«§rn'y^©5^:^^XhiS;&fiSLTHi:^ 
■rSo ?©7"Xh-^^'^fc:'tC»§^n>yi'coA:'3i^a'tf 
^4 8{±±jaSLfc-rXh^i7^C*i:<OI d d qS^tDW 
«l©1«ffi4 4i:ffl^t>-&««if^, =&rn'yi^O-rXh 

'^^;5rcri:oia»i[M4 9*^iiss5ti, mmmm^ff^m 
i^tcya^y ^(Dmoi 5 0A^fT^t5n^o 

[0 0 3 3] ^LT, aW?nfcj!&|^<Bm%F«iMLfc:/ 
n-y-^ 5 0^*>i:tC. -?-CD:rn-y^'-e<D I d d qS^cD 

[0 0 3 4] 4) »c©rp-y^ig?t)ji*<Dfca6o;^iC 
(0 5) 

0 5 a*f|0j?(c J; ^»cP$:/n -y 0 )ityrc4&©S* 
W^^^:^r^)S-^sSiB^0r'SO. (a){iLSirtcD 

:/a>yi^;&^-rii^0. (b) li^yu>yi7C:t(0^'> 
Z^VXh. (c) « (b) (O^^fVXhicMlt^-^-^rc 

1 d d qSm*M1f?B^^-r^*^:7i?S.5o S-f^^S 
UiLSK 5 2{±rni-y^?B K SSCi^a-y^B 
2. 5 4«:/a-y^B3. 5 5 {i:/a>y ^ B 5 6« 
T^Xh'^^^'. 5 7ttlddq (S^) . SBli^V'T^ 
yx 5 9{i I d d qS^SmT^So 

[0 0 3 5] ?gia£0:ro>y^ (B K B2. B3, • • 
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• • . B • • • ) icrmiHSn^ L S I 5 1 (DXtl 

[0 0 3 6] ±.v&\.rz^Z^^^m.ZiiK>. &ra>y^<D 

05 (b) tc^f§:/n-y^c*i:(D^>:/';xh 5 81C 
^^nso iid^-e. L s ucTT-xh'^^'^c*i:{ci$ 

a^nS I d d qfii«> T^Xh-^i^^CTiifD^rn-y^ 
(B K B 2. B 3. • • • • s B n. • • • ) fc^^ 
■r§ I d d qffi(D^ltT'feO. ^ItSffiJ-XrttcHX^ 

•y^*^€-<D:ro-yi7p{j:#ft-r-&t. ^co-ra>y^tcig 
^■rSS^«Mffi*^L S I T-O I d d qMSmi: LT^t 

[0 0 3 7] 0 5 (c) {C;qK^n/'c±ai<0 I d d qffiS 

7*^%5febTV>S7"Xh^^^?S^T Vn o. a, 
b, c{i. §ya-yi7cri:0^vruxhtc4>tt5T V 
no. a, b. ctcfeMJ&bTfcO. fi^oT^ ^:/a-y 
^J^fCT I d d qSS^^^nfcT^X ^ i:iESmi 

T?<07^xh-<:?^©A:tjfwa^i:t«s-r5 (fSisrs) c 
hK^*) I d d qs^^F^M-r^yn^yi^^&ttwrsii 

[0 0 3 8] 5) i»^:/a-y<>cDaai?3^ 

i>[tc. I d d c^mn^nmr^yti^y^^mr^ysm 

(COV^TSiB^-rSo AS I c^<i^-r^ra-y^{±;*:^ 
< 2am<o[Hi^(c»^^n§<, EP-^ia^^^-iidig&tM^ 

iHiiiSTfeSo ffi^to-ti:lil8§«^-0:7a<yi'©A;trS^?tc 

W:'3LT<SI5!SS?gST-feO. (AND, O 

R, NAND. -<>f^—iimmm) *^e>ALU-^ADD 

ESti^' n >y ^^d^fcl^WbTv^-^f B iHiKi^gptcg 
[003 9] 5 - 1 ) )e^t>-lJ:|HlK{c3t-r -SfiSli*^ a >y 

if(Dmm:HA (06) 

n>y^(Otta?3SO»iB^0T'$>D. (a) ti^VT^UX 

^f^yUXh. (b) {il d d qm^^^<Dyu~^^ 
-h. (c) «^*>7'';Xhi:bTtti±i^tl/-c5Atl4S 
?>&W-r^li^t>-t^lH]SS©^>yUXh. (d) 
yif^iEmtPi^-r^tcttXDyu-^^r-h. (e) « 

^yyo X h UTttta^nfc 5 A*4ig^*#-r sffi^ 

t>-y:lH]SS©^f*>:/yxh. (f) {±rny ^(Ci&(^F«9m 
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[0 0 4 0] 0{c^f^-rJ:^{C> I d d qS#*<%^-r-5 
A:tl^S<Dffi-^*3-li:ti3aa (A, B, C) #«EUTV^ 

Xtsmm(Om-^t>^AlA TV (a O , TV (a 
2) . TV (a 3) 

Ktimm<om.^i^-it Bit tv (b d . tv (b2) 

XtlMm(Dm.^t>'f±Cit TV (c 1) , TV (c 
2) . TV (c 3) 

CA:^i^a'^ffl^*3-a-AM d d qfiiA^IEm^TVtC#ite 

■rs*^if 3*->3vtr3.— (pc$fc{±Ews) ^ffiv^ 

[0 0 4 2] 06(c). id) Ityu-y^^JE'^tn 
^^iE«i:W»f-r«o CKOlTny ^^tc*5tt« "A 

:^^a©ffi^t)-^ A " t m-'(DXf]^m(Dm.^t>'^ti^ i 

d d qffl*^IEm^T VfC#lSL/-ci:#> COT'o-y ^^{c 
20 fctt^ "A:'3li@l<Dli^t)-t*A" fiSc^^^i^bTv^i, 

A:/3isa-e«*v^i:fijisfr«o "xti^mcois.-^ 

m^TVlc^^ffib^ci:^, ±IBi:|e|1tlc "Xtimm(Dm 

^t>^B-' i±mm^mm.Lri.^^xtimmTiiis:i^^tm 
mr^o WT. mmc ''xti^m<Dm-^t:>^c" tm- 

®A:'3^ScOffl-&t)-l3-JbH d d qmtl^lEm-^TWlC^tE 

vtct^±t^tmmic "xtsmm(om^t:>-^c" imm 

%5^iSLTV>SA;^iifeaT't±*v^i:¥iJ»rU ^TO I d 

d qmm'^(oxts^m(om^t>-ittiitm^^f^i^rx,^^ 

30 ^^coT^ <icD:/n-y^^{ilE^i:J|aJBfbTra'yi'OSiiic 
[0 0 4 3] 06 (e) > (f) tt:rn-y<5^{cSfeJ^rtgJ 

mfim^%^<7^\ xt}i^mcom-^t>^A. b. c<d^<d 

'P^<i:^l m^i:>-^lU.±i)^ I d d q fii^^IE^^ T V fc 
*5t3-SA:^i&a<01Sl^t>-ii-tc#ftbTv->*v^^lc. c«D 

[0 0 4 4] ^(Dmrnii-oi^rmmt^o ^m^mt 1 

<@<D:/a>y^{cfifef^*^#TF«ii!cbTV>-5*\ 1t3g(®:/n 

[0 0 4 5] M^ti. 1 m(OTu^yi7lz^mi3^±r(Hm 
l^r^^^htztbs 06 (e) . (f) tc:fcttS 'Va-yd7 
(CiS!(^rtMco^</^*^*-Si:*iJ»T-r§'5^-X" ^#;^fc 

<in?. 3mm<o i d d qs^3?)^^^-rsA:^^so 

m^t>-^ii. ■?■ne.^D)B^t)■(^•*■«fen{^i£^•r I d d qS 
S?:fg^Ls t^oT. I d d q<iiA":iE#^T V{C*5tt§ 

xt}mm<Dm.^t>'&iat^^L^j:iHi-rrci}^^r'^^o 
[0 0 4 6] mmi±. m^o^rovifictmii^p^Mvx 
v-s-^-- xT-fe»3, 3mm(oxt}mm(Dm-^t>-^<^(Di 
50 ffl« (A) *M <idqm(DiEm^Tvicmf^xtimm 
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(A) umoruy^icfHrn-^titc I d d qmn(onm 
mtn ddq mn^^SE-r § t v t-s •? , mm^p^m u 

CO 0 4 7] ig^^fC. 3«jlStDA:^tfeSOffi^t)-&4'© 
(A. B) AM d d qffi*^IE^:ftT V{C:feCt5A 

rtsj^tift I d d qmn<ommtim^-:>rct><Dv^^t: 
mmv^?>o ^ LT . So fcftt© 1 mmit i d d q « 

CO 0 4 8] ^?)tC. 3aiS©A:'3^a©ffl^t>-i^+® 
■^T (A. B. C) *M d d qMjb^iE^^T VtC*3tt-S 

{Crtig^nfc: I d d qS^cDlf^A^M^-pfcfcOT-fe^ 
i:*iJBS>fT't-5o t^r:>Tc:0-ra-y^'jc« I d d qS^* 
5§^-r-5T Vtt:Q:<. iE^T^S t*lj»f?ns*>e.-^a& 

COO 4 9] 5-2) Jlii^[51^{CJ^-r§ftSC^:7a'y^«D 20 

tttu;^^ (07) 

mm:f3m(Dmmmr^&<:). (a) ti^vT^uxhiiLT 

(b) « I d d qS^%^fetD-7n-^ + — 
(c) {i^>7'UXhi:LTatH$ti:rc5A;^/4S^^*- 
■r5)iIl;?le]g§0^v:/UX (d) t±:/n>y^;grIEffi: 

fc^pj^-rsrcfeo^n-^-v-h, (e) «i5<">:^»;x 

hi:LT»tt5^n/c:5Atl4S?;&Wr^)ii*lHlgS©^>' 30 
yjXh. (f) t±:7a>y^'tCi!j5ci^F«3/gt«®V>*^fe;5i: 

COO5O]07(a). ih) lcmTJ:vic^ I d d 

qm^ti'^^^t?,xtiWimmm^^it7mm (a. 

B. C. D. E. F. G) #^ELT</-'§<, ^ne.<DTV 

±T<o%*<D«?fc{i#m*^^t). I d d qmnti^^^ 

CO 0 5 1] ccoi:#{±. ctLP><Dm (a. B, C, 
D) tm (E, F, G) «O@^0i:lRlCA:b^S<O/E^ 40 
toH*©@$t)*M d d qffl*^IE«*T V{C#ft-r 5 if 

COO52]07(c). (d) {i:rn>y^';g:jE^i:¥iJ 
»f-r-5'5^-X<D lfl»JT35§. A:^lfeSOffi-&*>-ti-Sf 

(A. B. C. D) *5j:t; (E. F. G) tm—<DXtj 
mm(Om^t>-^mti^ I d d q^IA^IEm^T V{c?^TtLfc 

(A, B. c. D) tm--(oxt}Wsm<om 

^t>-a:^AM d d qflA^iE^^T Vtc^ffiLfci:^. C 
(Dyo>y^{C*ilJS "Xtjmm(Om-^i:>^M (A, B. so 
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c, D) " tti!&iii^^i??LTv^sA*iaa-p«^v>i:ipj 
Bf-rso '>j{c. xtits>m(om.^t>^m (e. f, g) 

m—(OXtltMm<Dm^i:>^mtl^ I d d qfitA^IEm^T V 

(E. F. G) " itim^^mi.ri,^?>xt}WimT^itf3: 
i^^tmwiL. ±x<o I d d qmmn(oxtiwm<om.-^t> 

CO 0 5 3] 07 (e) , (f) itfu^y^iZ^mPm 

it^iia^fT</\ xtiWim<om.-^ti^n (a. b. c, 
D) *5j;q\ (e. f. g) tDrt<D'>^< fct, 

to-(i:gfJW±A^ I d d qfflA^iE^^T V{Cfett5A:^^a 
CO 0 5 4] ^<0aeb{cot/>Ttiffi-&tJ-B:|5l8S-e(D|f{H^ 

i)^<DE^<b-h^X-^^<, 

CO 0 5 5] HU#«. 1 <@0:/a>yi'{c»[(^A^^Trtm 
LTV^5/i:46> 07 (e) , (f) tC^B^tS "^a-y^^ 

{CiteKrtBS<D!au^A^^§i:fiJ»T-r^^-X" ^^^fc 

ctip, 2amcD I d d q nnti^^^-^^xtiwmo:> 

qS^%%*U t«oT. I d d qfflA^mm^TVtCfe 
•& A;^^aoffl^fc-(i-gf {c L VHi-r A^ ^ 

CO 0 5 6] f*«(±. 1«^<D:ra'y ^/{CiKI^A^rtMLT 
v^S'^-XT^Os 2ffl!^©A:;'3tSa<Oifi^te'itftJ<Di 

a«P (A. B. C. D) AM d d qffl^DIE^^T VtC 

*3tt^A;'3iiiS'o^a^t>-a:§¥tc?^&-r§B$, ^cDxtim 
m(Dm-^t>'i±m (a. b. c. d) tigij<D:ra>yi/tcF^ 
msnfc I d d qm^<Dmmt)mrj:rytc^<Dx^^tm 

WT^^o ^LT. {ttOSf (E. F. G) (il ddqS 

n^^^-r^xtimm<Dm.-^t^-&mx&o. m^^tHm 

CO 0 5 7] Lxt. ms¥^mc^if^mi:^^^j&^n: 
t)\ m^mmtmuvrcT V (Dime. ©Tvtcri 

d d qS^A^^^LTV^S-ir-XA^^t). ^J^tfs I d 

d qm^t}m^-r?>xtifSim<om^t^-^ii7mm ca. 

B. C. D. Ex Fx G) #aELT</^5o IddqS^ 

tm^-r^xtimmcom-^^-^i:itmm\^rcTvx(D 
(A. B. c. D) (DMtm-<DXtiskm<Dm-&io^ 

immvfcTwxo (a. b. c. d) (om. xti^m 

{C. ^igLZ-cTYTcD (A. B. C. D) OPfC*— 
T V (DXtstSim(om'^i:>-^ t |si-OA:^iia<offi^*?-a: 

A^#ffibTt, B = F) . cn&itmmicm^ 

So giiCi. mi^i.tcTVX<0 (A> B. C. D) <Dm 
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icrt3iit3:\,\ OTV (F) X-omM^^c 

[0 0 5 8] cconmrn^^mmt^tcibic. m^^rj: 
[0 0 5 93 msitfmm&<Dm&i:^i^<ommmv^ 

*)-. (a) «D^'^y7U-y7'- :7a«y7'cD[HlSSa 

(b) iiD^^yyvy:/-yuyy<ommr—-:r/i'X' 

[0060] 08 (a) im<D-(y/'^-^m^. 2 io 
■fi©2A;'3AND|HlSS43j;t>\ 2m(D2XtlNOR^^ 
i}^^mi&-$n^2XtS (D : D a t aikS?s C L K : C 

1 o c k«g?) . zmti (Q. Q* ) (Di^^m^mt^ 

D F/FtDHISS^Pj^gT'S^S (Q* = QOSfetiS^jS* 

^i.) o 13 8 (b) it^(D^mr—r)V (.mmmm ^ 

^to DF/FtC*5</^T. Qa;'3fi[|2A;^NORlHlSS*^ 
"H" W:^fC)S:ofcl^ I d d qS^A'^^Lfcir-TS 

<1£DS^«08 (b) \Z7nfWmy—y)\^^<D7-7. 
h--<^^TVno. 6. 7. 10. IK 12. 1 3 fC 

*5v^r I d d (\mnt)m^t^o 20 
[006 1] <in^w-<DKtimm<om.-^t>^ii ltm 

^i:. I d d qS^CD^^LftT VOrt. TVno. 

7. IK 1 sicissLfcii^. mms.Ktswm (d = 

0. CLK=0) A^TVno. 3. 5. 9tCt5V^Tt^ 
^$nTV>5o L.*^L^*^C.> cnP.TVno. 3. 

5. 9£DA;'3i^Ilfi:43V^T(i I d d qS^«l8^LT(/> 

[0 0 6 2] -r^tJ-^. 08 (b) tC^-rima-T^— -//b 30 
**>^B^6*-'*<t ^tc, h'^^'^T V n o. 7. 1 

NORiigs*< "H" fej;t>\ Q* ei^timzKtsnoRm 

^'^TVno. 3. 5. 9tc4ol/''T^lt^nri/>5twa 
«Qa:^ffl!l2A:^N0RlHlK*^ "L" ^3J:a\ Q* ai;ti 
ffl!l2A:^NORI5!8S*< "H" mtit-f^^tcWMX^^rz 
i6T'fe5o Se-^T. Qm;'3ffllJ2A:^NOR|Hl£S*^ "H" 
\!&il\,crs.-orc^ I d d qSSA^^^f -S^ffi^tixX h--< 
^^TVno. 7. IK IZXomnVzmXW^tV 40 

^a^lOCOffi-g-^HirP {■7^Xh-<i7^»T V n o. 6. 
7} :feJ;t>* {T V n o. 1 0> IK 12. 13} i: L 

^m^wo;?ic« I d d qmn<DKiiwm(Dm^t>^m 
[00 63] 6 ) mmm^m\.z. a ^WLnya o » 



14 

*7?s: (09) 

09«LS I ^PiMS'Jfc^fiJU ii!cliS:?'n>y^«-iB?»)ii 
tyT^Si^^-riJiB^HTfe t) . igif 9 1 (i L S K 9 2 « 
UlSJ^IilSS. 9 3. 9 4. 9 5«ffl-&*3-l±liISS. 9 6«y 
ay^^ (b 1) . 9 7{irDytJ' (b 2) . 9 8{i:7a 
>y^^ (b3) . 9 9tt»2|s:/n-y^T'fe«o 
[0 0 6 4] |5gBBiJ:7n'y^1gfig(D^^{i. ^ff-NftCl$ 

fi*j:&iHi8s^fig*^nfcrn«y i7<DmiiLxmm^noj^^ 

•S.fci6fc. ±i^^iiM(0:k^-^Eicn^plhX. LS irt 
giP<Dy a ^y ^yi^if'tb^o ^®S«S^T'ii 

[0 0 6 5] laftJ. ^»»«iJJCfcV^T{i. ffi^tJ-^lHlSS 

i:)lIi*lllSS3b'!^g^EbTv^;5fci6. m^^^^mici^xm 

■^ty-^tm^^^mi^^-r^^mmmi^ (a i. a 2. a 
3) tvxtmmm'oi^oih^^n-::>x\y^?>o ^Jetc ssc 

PiA^fg^bTl/^^fcLTttffl^nfc|5g«:/o-y^ (a 

1) 9 3^c^J^.^T. pg»ya-y^M^<i^-rsi5g»^^^ 

bl. b2. h3lCXmmm(Dm'0j2^^^nVo "tly 

xmmcm^i^iiLx^?,. "m^msmm^m^" x<o 

yu^y^ (b2) 9 7^a(±j-r§o 

[0066] 7) h^Vv'X^ U^;!/^^!^^®^®)^? t) 

^Js^ysm (010) 

i^Ctc. S*fl<liiaiiI8S^fig" T©S*7D^y 9 9 J: 

^?-A^5)SC+h^>v'X^T-1ifiit2n.S. OR. NO 
R. NAND. AND. -<>'/^— ^i|h1SS. 

;^iHi!Si:t.isic-efe-So c:ne><DS*e<issaiHiKttA;^i 

i«afcIs|WLTHOh^>i?X^r*^0N/'0 F F LT</> 

iSaiHiK© 1 O-P^S. 2A:^NAND|ili^<Dfl»J*fflV^ 

[0 0 6 7] 01 Otilfeas^Si^-iya^iCj;^*^^ 
h^>'>*x^©ttaicoiJi0^0T^t). (a) {±2A;^N 
ANDOlElK0-eSt). (b) «2A;^NANDlHl8SO 
A;bS&a©^ffl^t3-«t(ca@LfcSaffi«i: I d d qfii 

tommmx^^o 2Xt}icxmf^t^4-o(Dxtimm 

(TV 1. TV 2. TV 3. TV 4) 41. T 
V 3 (Xt)i^^ I N UC L o w \y^fW XtS^^ I N 2 
fCH i g h U'-^;U*^A:'3) tCT I d d qSMA^^^b. 
ffiOA:'3ifea<Offl-a-fe-lt (TVK TV2. TV4) {± 
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[0 0 6 8] 01 O£O2A;'3NAND[HlSS0{C*3VT> 

TVno. PTr-K PTr-2 
TV K OFF OFF 

TV2. OFF ON 

TV3> ON OFF 

TV4, ON ON 

ttmx^?>o 

[0069] ^etc. iddq mmi}'^^^-r^mmi 2 

K Vdd^ PTrl-> NTr 
2. V d d^ P T r 2^ NTr 
iinP)<DjiSSi:±]^cDh5'V-:^X^?©ON/0 F FikU 
t Omii)^^. Iddq m«*^%^-r h^>i^ 

K Vdd-» PTrl^ NTr 
TV K OFF ON 

TV2, OFF ON 

TV3. ON OJF 

TV 4. ON OF 

tfi*)^ NTr 1 *^S^i::4oT^(CONmi<DB#. M 

2, Vdd^ PTr2-> NTr 

T V K OFF ON 

TV2^ ON ON 

TV3, OFF OF 

TV4, ON OF 

PT r 2*3J;0*NT r 1 3b^Sm^^:feor^(CO 30 

T V Hi I d d q mHiEmtirctb. P T r 2 i,c<^m 

sscfsis^rtjabTv^scfci^jtu PT r ziiiEmtn 

[0 0 7 2] t(±. K 2 (D^IEIC J; 0 NTr 1 ft^ 
[0 0 7 33 J-X±{i4 h^Vv^X^f^figT'feS 2 A;'3N 

ANDiiiss{co(.'>T<Dfi?y-efe§*\ m-th^yz^x^ic 
mt^ctici:*) ^mmr-mm v^yj:^^ ^-atu-e^ 

So 

[0 0 7 4] 8) m^i;y^Mm<r>wc.mmmwtK)TL^-^m 
(0 1 1) 

^^-riMB^KT'^O. (a) tiKSfii^i: I d d qMi: 
<om^m.. (b) « (a) <D I d d q M^Sfilf 

a. (c) itm^m^^^K)\h^(Dm^mx'^*). m^^ 

^1 1 K 11 2it7-7.V^if ^(Omt. 1 1 3{±^»5 so 



7-::^V^if^ (TVK TV2, TV3, TV4) kC^ 
■rS, P^-V^yl/h^VS^X^r K 2 (JJ^K^. PTr- 
K PTr-2tf2f) N^i'^yl/h^Vi^X^ K 2 
NTr-K NTr-2 tSB-T) (DO N/O F 

Ft^Mtt 

NTr-K NTr-2 Iddqffi 
ON ON TEn 

ON OFF lE^ 

OFF ON mM 

OFF OFF lE^ 

[0 0 7 0] 

1 N t r 2^ GND 

1-^ NTr 2^ GND 

mmm^-t^m 1 fix 

1 -» NT r 2-* GND 

ON iE# 

OFF iE« 
F ON Wm 

F OFF lE^ 

[007 1] $fc, I d d qS^*^l8^-r5ai^2{is 



1^ NT r 2- 
ON 
OFF 
£ ON 
F OFF 



GND 



ihA^rmmm^x^^o 

[0 0 7 5] I d d qSm!?)^58^bfc7^Xh'^^^*3± 
tf. lE^tt^T'Ov^X ^^rffll/^T I d d qS^A^ 

^T'-iili I d d qS^J&^^^LfcxX h-<^:5?T-fe 
0. ffi^t)-&lHlK©^-g-. I d d qSSA^fg^'TS 

^ffi^tcawT^So mi I immLrcmmp^mm^^ 

no. (a- 1) *^^TVn o. (a) fc^fb {F (a 

- K a) } ufc^. I d d qmmfim^-r^o ccof^ 

(0^-!7^(0^ititXt}\iyN0 sco^ti^ "0" fj^e, 

{±iia-> 5 i u-v' 3 vtci 0 ^fbrn^^tttBT^ So 

;?P>{C-rX h^^'^T Vn o. ( a T V n o . 
(a+1) (C^fb {F (a. a+1) } LfcB#. iE^I^ 

"l" "0" ^mtV. ffit±^{bLT».^*V>o ffl 



17 



(10) 



4tPJ¥ 10-239394 

18 



[0 0 7 6] 

So 

C 0 0 7 7 ] m 1 ai;':S?S^<oW^i{c§g^^ < io 
CO 0 7 8] ^2«. ^^tcJ&|iSffim*i^t)iitrcfc*^ 

[ 0 0 7 9 ] ^ 3 {±. ^ 5. (C. bfcT--^ (iifel^q^p 20 

0 I d d qSS*^^^bfc7^X h^^'^f#^©*T*J;V'> 
[0 0 8 0] ^4«. ^i6^ai!Si^i!f*<^Jb-e.^< T 

CO 0 8 n ii5«. i«ji(cS!iiiA"«Rrtg-efe5.'ST-s 
iv^fcfe. ^micmmij^pimv&^o sfc. l s i 

CO 0 8 2] melt. *^B^<oiiffl« i d d qmnm(o 
-^it I d d qmmt>m±Lrcr-7. h^->^m^v^ 
t t>-rh^^m(Dmn s > v^t «> ^<o9^^mm 

m^Tu>i:^LmTmm(Dmmmr';^^o (a) liLs 

1 <DxmtiVim^^t^^mv&^o Cb) i4 l s i o 

Am;'3i^JiK<i^^^-r7^7>h-<^^a-(?^So (c) « 

LS I O^yn-y^/igr^-r^^HT-^So (d) (4 S I 
M(Sistems Integration Mod 

e 1) ±(Dmmmt<^t(Dya-y>(oiiitimmmi\:^r' 

^So (e) (iLS 1 (D^ya-y ^-h-^^cDiiitl^^-tm 
^ST'feSo (f) ttgya-y^crtOT-Xh'^^f ^?{C 50 



[03] xXh-^i^^jrfcOI d d qM^WIRItlB^^ 

C04] ^^^cD^Jii^^-r^a-^^-h-efeSo 
[05] *%W{cJ:SifeP§ra-y^';&ig?t)}ityfci6©S 

*W^^t^;^r%ai-<siJiB^0-??feSo (a) itts irt 

<D:7a>y^;&^^^S0TfeSo (b) ti^yn-y^cT 
t.(D7^X\-^i7^mx^^o (c) « (b) 07^Xh'-< 
^^micMm-^^tc I d d qS«*J!il1tS!%3^-ry5:7 

0T'&So (a) {i^^yjxhtbratbsnfcsA 

(b) (4 I d d qS^5I^O:7a-^-v-h-efeSo 

(c) ii^>^v7.htLrmm-^Hrc5Xtt^=?-^m 
■rsffl^t3-&iHi8S©^f*>'7'yxh-C'^So (d) {jya 

(e) lt^>yVXhtVXmiiitHrc5Xt}fi^^^m 

t^m^t>-tt^m<D^yrv xhx^^o (f) {±:/a 

X^?>o 

=P^mt^m^m^(D^^zyf'}::^VXtb^o (b) «i 
d d qS^^^07n-f^Y-h-ea5So (c) {4^> 

o^^-vT^uxh-easso (d) itya^yir^mmtrnM 

f 5fci&«D7n— ^-V— hTfeSo (e) (4^»'v:?^yx 

h t \^xmm-?£nr!i5xti^^^^t?>}mm^(o^> 

yvxhx$>?>o (f) t4:/u-y^{cs$c©rtieE(D^v^ft^ 

C08] lilSi*iHiis©^»f;'?ie®SiW0-e35So (a) t4 
D^fi'r-7U-yy • 7ny:/"tD©K0-e^5o (b) » 

D^-r:^:7U'y:/- 7n>y:/'<D^ST— :r;i/-efeSo 
C09] LS i^mmmc^wii^. mmr^-y^^m.*) 

[01 0] Imav'^Jil^— ^3 VKJcSJ&PSh^^'v'X 
:5rOttm<DSiBJ0-efeSo (a) (4 2 At/N A N DOle] 
8S0-efeSo (b) {4 2A;^N ANDInlSScoA:^^ao 
±m:^t>-^\cm.mhtzMmm^h I d d qffli:©^^* 

m^w^rmmmxih^o (a) i4maffl«i; i d d qffi 

tOfflliSTfeSo (b) {4 (a) O 1 d d qS^Sfiff 
<K>mXm.X$>^o (c) {4j»|^m^iKOii*^<!D«^0t? 

[0 12] t«e*^y<^)i!ii?I^S?»f^^{cJ:Si!i5(^v'5:iP- 
1K2K5K91 LSI 
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